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EXPERIMENTAL ENDOCARDITIS. II: STAPHYLOCOCCAL INFECTION OF THE
AORTIC VALVE FOLLOWING PLACEMENT OF A POLYETHYLENE CATHETER
IN THE LEFT SIDE OF THE HEART
INTRODUCTION
Proceeding from the clinical observation that intravascular polyethylene
catheters easily become infected in man, the introduction of a polyethylene
catheter into the right side of the heart has recently been shown to induce
the formation of sterile endocarditis in rabbits.`' It was further noted that
inoculation of as few as 102 staphylococci through the catheter would regu-
larly result in staphylococcal endocarditis. In these experiments the catheter
remained in the right heart until the animal was sacrificed; it thus served
as a possible source of mechanical trauma and as a nidus for the seeding of
microorganisms.
The present study was undertaken to test whether it was possible to
establish sterile and infective endocarditis in the left side of the heart utiliz-
ing techniques that previously had been shown to be effective on the right
side.
MATERIALS AND METHODS
The experimental animals were five-pound, white New Zealand rabbits. The animals
received 50-60 mg. of sodium pentobarbital intravenously and inhaled ethyl ether as
anaesthesia. The cannula utilized was a sterile polyethylene catheter, "Intramedic"
(Clay-Adams), PE 90, radiopaque, I.D. 0.034, O.D.O.0500.
The right carotid artery was exposed through a two-inch longitudinal incision in the
neck, ligated and incised, and the catheter inserted a distance of about 3V2 inches until
resistance was met. It was then withdrawn slightly, perhaps 1/16 to 1/8 of an inch
and tied in place. The tip thus remained in a position just above the semilunar cusps of
the aortic valve. The catheter was then filled with the appropriate fluid, the free end
bent over and tied upon itself, and the skin incision closed with silk over the free end
of the catheter. The catheter remained in situ until the death or sacrifice of the animal.
Although rigorous sterile techniques were not followed, local wound infection was not
encountered.
The microorganism employed was the Giorgio strain of coagulase positive Staphylo
coccus aureus, which had been used in this laboratory previously. The organisms were
cultured overnight in trypticase soy broth and appropriate dilutions were administered
through the catheter. Inocula were enumerated by counting viable bacterial units in
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serially diluted agar pour plates after a one-day incubation period. The catheter held
about 0.1 ml. per inch. An additional 0.5 ml. of diluted experimental culture was in-
jected to dislodge blood clot formation at the tip of the catheter.
Two series of animals were studied:
Group I: rabbits with catheters containing sterile saline.
Group II: rabbits with catheters containing staphylococci.
Animals were killed by the intravenous injection of 120 mg. of sodium pentobarbital
followed by ethyl ether inhalation, if necessary. Postmortem examinations were per-
formed immediately following sacrifice of the rabbit or when the animal was found
dead. A terminal blood sample was drawn from the marginal ear vein or the inferior
vena cava. Aseptic technique was observed during the postmortem examination. The
gross organs were examined and pathological specimens taken. If the animal had not
died, the kidneys, liver and spleen were homogenized in toto and cultured quantitatively.
The spleens were weighed upon removal. One ml. of urine from the bladder was cul-
tured. Viable bacterial units from samples cultured were counted after a 24-hour in-
cubation period.
Special care was taken in examining the heart. The catheter was clamped in the
arch of the aorta prior to the removal of the heart. The heart was then carefully ex-
amined to locate the tip of the catheter and to detect the location of vegetations. The
catheter was removed and its contents expressed and cultured. The vegetations were
then incised and a small platinum loopful of material was recovered for gram stain
and culture. Where gram stain did not reveal numerous bacteria, two or three sites of
the vegetation were cultured. The loop employed carries about 0.001 ml. of liquid.
RESULTS
Group I: This series of animals had catheters filled with sterile saline
placed in their right carotid arteries. The catheters remained in situ until
the rabbits were sacrificed or died, 18 to 42 days after operation. The
catheter tips were found in the region of the aortic valve in six animals and
were discovered to be endothelialized along the wall of the aorta in two rab-
bits (Table 1). Sterile vegetations were present at the aortic valve or on
other immediately adjacent tissue surfaces in each of the five of six animals
with catheters free in the vascular system (Fig. 1). Among this group only
one animal was found dead, the remainder were sacrificed. The single ani-
mal that died had gram negative rods cultured from the catheter contents
and from the aortic vegetation. Kidney infarctions were noted in 87.5%
(7/8) of the rabbits (Fig. 2). Splenic enlargement (> 2 gms) was not
noted. No microorganisms were cultured from the heart vegetations, catheter
contents, organ homogenates, blood, or urine samples of the remaining ani-
mals.
Group II: The nine rabbits of this group were cannulated with catheters
filled with 104_106 staphylococci. At postmortem examination, seven of the
rabbits had vegetations from which staphylococci were cultured (Fig. 3).
One animal had vegetations which, when cultured, grew staphylococci and
gram negative organisms as well. The catheter was not recovered from the
207
.Experimental endocarditis, IIYALE JOURNAL OF BIOLOGY AND MEDICINE Volume 44, October, 1971
0
b '%4- 0 bob050 4
4)Cd4)
0 i.~ b
~ cd ~4-1 :4-
4) O
4 Icd
0
> cl 04 U04 4) >
44 4).
0 c~~ c~~ ~ '0c 0d
N )* ~~C C 0
4) 4) 4) 4-0 4)i-
0 0 0 0 o
C/ 0L ,..
bO bO bO> CbO bo biobObO>bo
~ * 9~04u u 04) 4 ) > u 04)0
o ~~~. tobd b Uho bI bo b
U~~~~ 0 C V 00
0 4bio bO bO bo bbbOb
bO bO bO ~ ~ ~ ~~bO o
[-4
N C~~ ~~ - -O - - -
[-4
-4t
u C0
0~~~~~~~~~~~~~~~~~~~~~~0
00
~~~~~ .0~ ~~~~~~~~~
0 % 01 %
, 00 00 c H - - '- - -~ ~~ ~~ ~~~~ -1 M
208..........................
§ S | ~~~~~~~~~~~~~~~. ::..: ;.R. Wy ~~~~~~~~~~~~..... ........... ........ ........................
FIG. 1. Rabbit no. 105~~~~~~~.. Steril veeato on .....dsufceoara
..X... ..'..- ::...., ::..:.::. .........:......................-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.. ..................................: ': '.-:;i-:::-i!i:::i-:-.: .,:::::: :- ...:::.:.:::,::: .i... :!:!:; ..i1'.i:::i-:;: ........ :.: ".......... .::::.... ..:: ...................... ...:::....: ".. ......... .............. :::.: ::::::::I .:.:.:.:.:.,
............. ..................... ..................................
:::,.:
.:.:.:.:.:.:.,.. .'.'.. ............... ::ii.i.i.i.i.i.i.i.ii;..:. .!:Ii.i..i.iiii:i::::.. ...:.:.:...:.:. ............. :: ....:,.::.
,:.:: '.....'.. .:-:-"","",""," """",-.,-.,-.,-.,-., ..:....
.....:.:.:.:.:.:.,. .,.,.,.,.,.,.,.,.,.,... ..,.,.,.,.,.,.,.,.,...,. """"""""
:::::
:.,:.,.,.' ...'.......
.:.:.:.:.:. :.,.:.:.:.:.:.....;.:.:.:.:.:.:.:.:: :.,.:.:.:
:;;111.i!ii.!::, -.::!;.!.!!!!:..... :::::::::::::::::: :.
,.:::::::::::.:., .:::::::!:.,
:.:. ..:.:.:.:.:.:.:: ,:::::::::, :..!!!Iiiiiiiiiiiiiii---" :!; .......................... .............
"::. :.:.:.:.:.:" .,.,.: .:.:.. .:.:::::::::::: ::::; .!. ...:.: ..:.:.:.:.:.:.:.:.:.:.: :.:.:.:.:.:.:.:.:.:.:: ....... ,:::: ... ...:...:.: ..:.: .:::: ...: ....... .:;
-..::.:.:. ....... .:.:.:: .:.:.:.:.:.:.:.:.:.:.. ,.:.:.:.:.:.:.:.:.,.,. .;:::.,::::.., ..! ...:
....... ......... ::.:ii.i.i.i.i.i.i.i.i.i.i.i.ii.:...:i::.i.i.i.i.i.iii.i ,....... ....,:... ..::::!.::.:::.,:,:::::::::::::::::" ..""","","",",".. -.'.".:.:. .... ...:..:.. :.::..:. ......................... ..............., :,ii.i.:.;;iii "",jiiij:: ."--
............. ,--.-iiii..i -,.,.: ............e ... ..................X -,::::: .:::.:.:..... i*i*i*i::...:j:j:j:j:j:
:.,:: ,:.-.-::!-:::-.-.:-.. ..:.:.:.:.:.:.:.:.:.:.:.::.:.:., ,.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:., .,.:.:.
.::.i.i:.:iii..ij..i..:.: .. ................. :,.. :. .:.:.:::.::.:
.:.::::::::::::,. ..: ::: :.
..:...:.:.:.:.:...:.. .:,.:.:.:.:.:.:.:..,
::.i.i.i:: ..............................Iiii....-"- !:. ....
.:..:...:.:.. .:i:i.iii....ii;i;i..i......::i;..I
...... ....,. ......: .:::::.: ..:;:.!;:.!.:.:.:.:.:.:.:.:...
................. ........: -:... .:.:::.:.:.:.:.:. :..:.
..:.: :-: ............ .-.-:.-:.... ...... .!.!. ":::i:iiii.iii.ii:.ij::::-,-,- .:.:.:.:.:.: .:.:.!.:.:.:.:.:.:.:.
.:::,.,.,.,.,.,.,.:.:., -.-!.:...-. ..:::.::.::::::::::::::::., .: .... .:.:.'.'.'. ...:::.! :............................. :.:.:.:.:.:.:.:.:.:.:.:.::.. :;..:.:.!.
......... :: .:::::.:.: .,::::::::::::::: I.:.:.:.:.:.: ............. ...... !.:..... .......
.:
,:::........ :.,::,:,.,.,.,.,.,.,.,." :::: ..:.: ::::.:::,:,:,; '..:: ;: ::.:::::!!!:!:ii X .............. .:!: :...... ;; ........... ::::: :.:. ...... :: :. ....
::,. ............. .,.::.:.:.:.:.:. .........:.,.,.,. .. :.,.,.,.: .::::... ...:.:. :.,::::: ::::,:i.iiiiii:.i .::;:: .....:::: .:....:.:.:.:.: ..,.:.:.:.:.:.:.:.:.: ...................... ......................-:.. . :::- ::::. ....;:..::. ...:A ..:. .:.:.:.:.:.:.:... .:.:.:.:.:.:.:.:.,. " ....... ..................... -.-.-.-",",:::::" :;;;:;::;:" :!.:::: ...
:. ':' ...:.:.:.:.:.:.:.:.:. ,.:.:.:.:.:.:.: .... -i.;i::. .... :::: ,.,.,.; .............. :.::;.i..---i;.,
.. ..::":..... .:......;... :.:...: ..... ,... .:.:.:.:.:.:.:.:.:.: ".:.,.,.:.:.,.,." :.. :::: ".......
,.::.;:.;:.:: -. ".:.- ...:.:.:.:.:.:::::.,. .................X .::.:.:.:.:.:.:.:.:.:.. -...:.:
........... ....
......... .....
..... .........
............. ...
.....1 .::
FIG. 3. Rabbit no. 245. Catheter tip at aortic valve. Large numbers of staphylococci were cul-
tured from the vegetation. Areas of myocarditis are indicated by the white arrow.
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heart of the remaining animal; it was probably short and not in the proper
position (Table 2).
In the eight infected rabbits, the catheter tips were in propinquity to the
aortic valve. The vegetations were located predominantly on the aortic
cusps, but were also found on a papillary muscle, the mitral valve, and on
other surfaces contiguous with the aortic valve. Evidence of infarction or
abcess of the kidneys was present in 78%o (7/9) of the animals. Splenic
enlargement (>2 gms) was evident in 50%o (3/6) of the rabbits whose
spleens were weighed. Only three rabbits of this series had terminal blood
cultures taken; two were positive. Of the Group II rabbits 897%o (8/9)
died within the first 18 postoperative days; the single surviving animal was
sacrificed on day 32; the catheter was not recovered from this rabbit and
endocarditis was not found.
The gross vegetations on the aortic valves were similar to those found in
human endocarditis and to those described in previous work on the right
side of the heart using this model.1 The lesions were 1-5 mm., friable,
aciniform, pale-pink excrescences in the infected rabbits. The lesions in the
animals with sterile endocarditis were less friable, flatter, and pale. They
distorted the valve to a lesser degree. Lesions occurred in similar positions
in both series.
Histological differences existed between the lesions of the animals inocu-
lated with bacteria and those into which sterile saline was injected. Rabbit
181B received a catheter containing sterile saline. Microscopic examination
of the lesions revealed bland vegetations consisting of fibrin and rare white
cells. Rabbit 245 had large masses of bacteria situated amongst platelets
and fibrin; mononuclear cells and fibroblasts were evident, but polymorpho-
nuclear leukocytes were seen only rarely in direct contact with the bacteria.
Occasional areas of myocardial necrosis, containing zones of calcification,
were noted. Renal lesions were typical of anemic infarcts or abscesses. No
glomerulonephritis was observed.
DISCUSSION
A model has been developed for the production of sterile marantic endo-
carditis and bacterial endocarditis on the left side of the rabbit heart. The
technique employed was one that had previously been shown to induce
right-sided endocarditis.' The present technique has the advantage of per-
mitting the initiation of infection in a normal animal. Techniques employed
in the past depended upon severe hemodynamic changes, such as the cre-
ation of fistulae between the aorta and the inferior vena cava,5-' or surgical
procedures predisposing to aortic insufficiency.7"0"l Systemic immunologic
reactions? have been induced. Simulation of high altitude with and without
210
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hemodynamic stress and bacteremia'"" has been employed, as has alteration
of lymphatic drainage of the heart," and the injection of large numbers of
organisms," and stresses in various other forms.`2
As anticipated from earlier studies,' sterile verrucous lesions were mani-
fest when sterile saline was injected, whereas staphylococcal endocarditis
developed when staphylococci were inoculated. The difference in severity
between the bacterial and sterile diseases is of interest. Of the animals re-
ceiving sterile saline, seven of the eight rabbits were sacrificed and all were
alive for at least 18 postoperative days. Conversely, of the eight rabbits
with left-sided infective endocarditis, all had died by the 18th postoperative
day. Thus the bacterial disease was of greater severity. Emboli to the kid-
neys occurred in about equal proportions in the two experiments.
It is remarkable that the left-sided endocarditis caused death of the rab-
bits, whereas right-sided infectious endocarditis rarely resulted in death.
The rabbits of group II, in the present study, had catheters filled with
staphylococci placed in proximity to their aortic valves. The rabbits of the
previously reported study had staphylococci-filled catheters placed in pro-
pinquity to their tricuspid valves through femoral vein catheterization.1 The
rabbits from the previous study were sacrificed at intervals of 8-41 days; of
the 13 animals in that study, eight survived beyond 18 days. Of the eight
animals of the present study with infected aortic endocarditis, all died dur-
ing the eighteen days following operation. Obviously, the course of the
disease in the left heart was more fulminant than in the right heart. Sys-
temic dissemination of the staphylococci, as measured by the positive cul-
tures from organ homogenates, was present in the majority of rabbits in
both series.
There is no obvious explanation for the fatal outcome of the left-sided as
compared with the right-sided staphylococcal endocarditis in rabbits. Al-
though it is possible that cerebral emboli result from left-sided lesions, this
would seem unlikely since sterile left-sided endocarditis produces the same
frequency of renal emboli and would therefore be expected to produce the
same frequency of cerebral emboli; yet, sterile aortic endocarditis did not
kill the rabbits.
Another possible explanation for the death of the animals with left-sided
infective endocarditis may derive from the fact that lesions of myocarditis
were seen which were not found in animals with right-sided disease. It is
not clear, however, whether these lesions are peculiar to aortic valve disease
or whether they may be a result of more extensive bacterial multiplication
leading to more severe bacteremia in aortic disease. Unfortunately, the
bacteriological studies carried out so far were not sufficiently detailed to
permit comparison of the extent of infection in the two models. The data
211
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do show that at least 106 staphylococci/gm. were present in the vegetations
in both studies. However, the animals with aortic endocarditis had all been
dead for some time before examination. Careful culture of the entire vegeta-
tion would be required to make more accurate comparisons.
SUMMARY
A model has been developed for the production of endocarditis of the
aortic valve in rabbits. The technique is similar to that previously employed
for producing right heart endocarditis; it depends on the catheterization of
the heart through the peripheral vascular system with a polyethylene
catheter. Placement of a sterile catheter results in sterile endocarditis. The
introduction of staphylococci through the catheter results in infective en-
docarditis.
Sterile left-sided endocarditis is well tolerated, whereas bacterial endo-
carditis on the left side of the heart regularly causes death of the animals.
This contrasts with the rarity of death due to right heart infective endo-
carditis reported previously.
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